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Introduction:

The genetic diversity of cultivated P. vulgaris is thought to be larger than that of wild
common bean due to a genetic bottleneck that occurred during domestication. Yield increasing
alleles may still reside untapped in the wild accessions that could be exploited to improve
cultivated beans. The advanced backcross method has been shown to be a useful method for
incorporating wild germplasm into cultivar breeding programs for tomato and rice. Although wild
beans have been used before to transfer resistance to diseases and insects, as in the noted case of
the Arcelin gene that provides resistance to bruchids, the studies presented here are among the
first to attempt to obtain a higher yield potential from wild beans. The objective of this research
was to conduct a molecular analysis of an Andean advanced backcross population to find
quantitative trait loci from a wild bean that could be useful in the improvement of cultivated
beans.

Materials and Methods:

The population that was analyzed was derived from the Mexican wild accession G24404
and the Colombian, large red-seeded, “Radical” type variety, ICA Cerinza and represented the
BC2F3 generation. The population consisted of 95 selected lines that were evaluated in three
environments and an additional non-selected 62 lines that were evaluated in one of the locations
for a total of 157 lines. The experiment was grown in two seasons in Popayan and one season in
Darien. Three repetitions in a lattice design were used for each of the experiments. A total of 65
microsatellite markers were used to evaluate the introgression level in the full set of lines.
Individuals with unexpected alleles were eliminated from the population for the sake of the
quantitative analysis. Quantitative trait loci (QTL) were identified through a) single-point
regression of the phenotypic data onto the marker genotypes using the software program qGENE,
assuming the BC2S1 mode and b) interval and composite interval mapping analysis (IM, CIM)
using the software program QTL Cartographer. Marker order was inferred for 50 markers with
known locations on other genetic maps of beans. Linkage analysis was used to estimate the
genetic distance between markers and to place 10 unmapped markers that were linked at 10cM or
less from a mapped marker.

Results and Discussion:

The results showed that the selected lines had a significantly lower introgression rate over
all loci than the additional unselected lines indicating that selection had eliminated some amount
of introgression. However together the selected and additional lines had rates of introgression over
all loci that were not significantly different from those expected. For example the chi-square test
for the average number of introgressed individuals across all loci was not significantly different
than expected. However, segregation distortion was variable depending on the region of the
genome that was assayed as indicated by chi-square tests showing significant deviation of the
observed ratio from the expected ratio Segregation distortion was found to be most intense in the
middle of chromosome B2 and on one arm each of B4 and B10. Mild segregation distortion
occurred on chromosome B5 and on one arm of B3 and B9. Selection was always against the
wild allele and always led to a predominance of the cultivated allele. Since selection was made




for return to recurrent parent plant architecture and seed type this was presumed to be due to
selection against genes in these regions that had a negative phenotypic effect on these traits.
Other wild traits such as shattering that would be undesirable in the advanced backcross lines
were also eliminated by selection. Lack of any introgressions on chromosome B1 could have
been a result of fewer microsatellites being screened for this chromosome or that introgressions
for this chromosome were eliminated due to linkage drag with the Fin and Ppd genes. Wild alleles
at these loci would condition indeterminate growth habit and photoperiod sensitivity. Both of
these traits would be agronomically negative factors that were selected against in this cross, since
the desired plant type was a early-flowering, bush bean like the recurrent parent, Cerinza.

Significant QTLs for yield were found on chromosomes 4 during the seasons in Darien
1999B and Popayan1998B, however in these cases the significant positive loci were associated
with the recurrent parent Cerinza allele and the wild alleles were negative in their effect (Table 1).
This indicates that there were still a large number of the alleles transmitted from the wild parent
that had negative effects on yield and that remained to be eliminated from the progeny. In
contrast, one QTL for yield in Popayan 1999A was associated with the wild allele and was found
on chromosome 9. This QTL was not detected with yield data from any other season, mdicating
that there is a significant QTL x environment interaction for yield QTL as might be expected.
However, several QTLs from the wild parent were found associated with unmapped markers in all
three seasons. Both Darien and Popayan are good growing environments for the Cerinza variety
and therefore were appropriate testing sites for advanced backcross progeny derived from
Cerinza. The yield QTLs were not associated with later maturity and flowering or reduced seed
size, since independent QTLs were located for these traits. Days to maturity and days to
flowering as well as number of pods per plant and number of seed per plant were correlated.
QTLs for these component traits were less variable across seasons. The results presented here,
suggest that wild beans can be a source of genes for higher yield and yield component traits in
cultivated beans and that advanced backcross strategies can be successful at transferring these
genes into commercial seed-types.

Table 1. Yield QTLs identified by interval (IM) or composite interval (CIM) mapping analysis
for the Cerinza x G24404 advanced backcross population .

QTL Location Chr. Nearest Method LOD Fuente Additivity
Marker Kg/ha
Yld4.1  Darien 99b 4  BMdO15 IM 3 Cerinza 469.93
Darien 99b 4 BMdO15 CIM 33  Cerinza  463.52
Yid4.2  Popayan 98b 4  BMdO08 IM 2.7  Cerinza  260.35
Popayan 98b 4 Pv-ag004 CIM 4 Cerinza 249.18
Yld9.1  Darien 99b 9  Pv-at007 CIM 3.1 G24404 266.23




